more likely to exhibit a reduction in semen quality than men of a normal weight, 15 and overweight and obesity has been associated with an increased prevalence of azoospermia or oligozoospermia. 16 One large single-clinic study of more than 10000 samples investigated the relationship between male BMI and semen parameters and demonstrated that there was a clear association between obesity and sperm production (volume, concentration, and total sperm count).
INTRODUCTION
Infertility is a serious health problem that affects about 10% of all families worldwide and possibly more in developing countries. 1 Although assisted reproduction technology has addressed this issue to some extent, it does not solve the underlying problem for infertile couples. Identifying risk factors for subfertility is a serious task for clinicians and researchers.
Obesity is a global health problem that has reached epidemic levels not only in Western countries but also in developing countries. 2 In 2008, one in every three adults in the world was overweight and one in every nine was obese, and the increase in the prevalence of obesity has accelerated in the last decade. 3 It has also been reported that there are considerable numbers of overweight and obese infertile couples in their reproductive years, 4 and infertility affects approximately 15% of couples of which 40% is attributed to the male factor. 5 Obesity has been associated with adult male infertility, as measured by a prolonged delay before conception. [6] [7] [8] It is generally accepted that obesity affects the GnRH-FSH/LH pulse, impairs the function of Sertoli and Leydig cells, and influences the release of sex hormones and of sperm maturation. 9 Serum testosterone, sex hormone-binding globulin (SHBG), and inhibin B are reported to decrease with increasing body mass index (BMI), whereas estradiol increased with increasing BMI. 10, 11 Moreover, researchers in recent years [12] [13] [14] have found obesity in adult men to be linked to low sperm quality. Obese men are 3 times
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MATERIALS AND METHODS

Study population
The participants were the male partners of subfertile couples who failed to conceive after 1 year of unprotected intercourse (mean infertile period was 1.20 ± 0.34 years). The participating men were recruited from those attending the Reproductive Medical Center of the First Affiliated Hospital of Zhengzhou University, China and who submitted semen samples for semen analysis or were attending for therapeutic procedures between March 2010 and December 2014. A total of 2384 healthy adult Chinese Han men of reproductive age were considered for the study. The fertility status of their female partners was not considered. Participants who had definitive pathological conditions capable of affecting sperm quality were excluded. These conditions included hypertension, diabetes mellitus, chronic kidney disease, atherosclerosis, orchidectomy for any reason, hypogonadism requiring medical treatment, and testicular cancer. In addition, participants with other factors interfering with male fertility such as heat exposure due to saunas, semen bacterial contamination, and azoospermia and oligozoospermia, which included a history of documented azoospermia or a semen analysis result of sperm concentrations of <4 spermatozoa per 400 × high power field (which correlates to a sperm concentration of ~1 × 10 6 ml −1 ), as suggested by the World Health Organization Laboratory Manual for the Examination and Processing of Human Semen 2010, 22 were also excluded. Trained staff described to the participants the hypothesis of the study and obtained their informed consents. All the subjects provided written informed consent and signed a standardized consent form. Research approval for this study was given by the Ethics Committee of the First Affiliated Hospital of Zhengzhou University.
Questionnaire
All the participants completed a questionnaire administered by an interviewer after the sperm was collected. The questionnaire covered personal information including background, ethnicity, period of abstinence, lifestyle factors, occupational exposure, genetic risk factors, and reproductive conditions. Subjects were also asked about their highest education level and current occupational status. Information was obtained on their alcohol and smoking intake in the previous week before completing the questionnaire. Smoking habits were calculated as the total number of cigars, pipes, and cigarettes smoked per day. Total weekly alcohol was estimated by combining the wine, beer, and liquor intake.
Physical examinations
A complete physical examination, including height (cm) and weight (kg), was performed by trained physicians using the same scale. Height was measured with the participant's ears and eyes in the same horizontal line and without shoes and socks. The BMI was estimated as the weight in kilograms divided by the squared height in meters (kg m . The possible status of varicoceles and hydroceles, consistency of the testis, the location of the testis in the scrotum and location of the epididymis were also recorded.
Sperm collection and analysis
Each participant was asked to provide a sperm specimen by masturbation into a wide-mouthed plastic container in a private room close to the sperm laboratory after a period of 3-7 days of sexual abstinence. Patients who provided incomplete samples were asked to repeat the process at another time or were excluded from the study. The period of sexual abstinence, spillage (if any), time of year of sperm collection, and history of recent fever were also recorded in the self-completed questionnaires after the sample was delivered. All the sperm samples were kept in a 37°C CO 2 incubator to allow them to liquefy and facilitate routine sperm analysis as described in the World Health Organization Manual of 2010. 22 The sperm smears were dried in the air, stained, and preserved at room temperature. All the smeared slides were used to determine sperm morphology and assessed by the same technician. The sperm variables used as outcome variables were as follows: sperm concentration (millions per ml), semen volume (ml), total sperm count (concentration × volume, in millions), relative number of sperm with rapid motility (Type A motility, %), relative number of sperm with linear progressive motility (Type B motility, %), percentage of sperm with sluggish motility (Type C motility, %), total motile sperm count (concentration × volume × relative number of type A + B, in millions), and relative number of normal sperm as assessed by morphology. All the sperm analyses were performed by trained laboratory technicians according to the guidelines of the World Health Organization Manual of 2010. 22 The laboratory was placed under strict quality control by trained staff. Laboratory quality controls were performed every week by analyzing the same sperm samples in blind fashion throughout the study. The observations and counting during the sperm analyses were automatic, and the origins of specimens were blinded to avoid bias.
Statistical analysis
The data from the questionnaires and physical examinations of the participants were compared between the four BMI categories to identify possible confounders. The potential confounders included age, occupation, level of education, smoking status (moderate, active, none), alcohol intake (moderate, active, none), time of year of sperm collection (April to September or October to March), and duration of sexual abstinence (day). Overall differences in potential confounders, semen volume, total sperm count, sperm concentration, relative numbers of normal morphology, and motile sperm ratio between the four BMI groups were analyzed by one-way analysis of variance. The risk of abnormal sperm quality between the different groups was compared with the use of t-test. The SAS 8.3 software package (SAS Institute, Cary, NC, USA) was used to perform data analyses.
RESULTS
A total of 2384 participants were included in the study. Subject characteristics are shown in Table 1 . The average BMI of all subjects was 22.5 ± 2.7 kg m −2 , and 68 (2.9%) were classified as underweight, 1398 (58.6%) as normal weight, 620 (26.0%) as overweight, and 298 (12.5%) as obese. Of the total participants, 918 (38.4%) men had a BMI of >25.0 kg m −2 . Most of the study population did not smoke (81.3%) or drink alcohol (73.1%). No remarkable differences were found among the four BMI groups with respect to the duration of abstinence or semen pH. No differences were observed in the time of year of sperm collection (50.4% provided sperm from October to March and 49.6% from April to September).
There are other potentially independent risk factors that may confound or modify the association between BMI and sperm parameters, such as age, occupation, education level, smoking, and alcohol use as shown in Tables 1 and 2 . Nevertheless, we found no associations between BMI and age, occupation, level of education, smoking status, or alcohol use. However, the results indicated there were significant relationships between BMI and the total sperm count, sperm concentration, total motile sperm, relative amount of type A motility and the relative amount of progressive motility (A + B). The sperm concentration of overweight and obese men was 34.1 ± 12.6 and 33.8 ± 10.8 million, respectively, which was lower than in the subjects with normal BMI. The total sperm count of overweight and obese men was 115.9 ± 33.2 and 113.9 ± 32.8 million, which was also remarkably lower than in men with normal BMI. Total motile sperm count for overweight 43.6 ± 13.3 and obese men 42.8 ± 14.8 was lower than in subjects with normal BMI. Furthermore, the relative amount of type A motility (%) for the overweight (10.3 ± 3.9) and obese individuals (11.9 ± 3.8) was also lower than in subjects with normal BMI. As displayed in Table 2 , the overweight (37.9 ± 7.2) and obese (37.9 ± 8.5) groups had a slightly lower relative amount of progressive motility than the group with normal BMI. No obvious differences were found with normal sperm morphology and sperm volume between the four BMI groups.
DISCUSSION
The results of this study demonstrate that BMI is a factor affecting sperm parameters in adult men of infertile couples attending outpatient preconception clinics. Overweight or obese men were more likely to have lower total sperm counts, sperm concentration, total motile sperm, a relative amount of type A motility, and a relative amount of progressive motility (A + B) than men of normal weight. The study did not produce any evidence of an association between BMI and either sperm volume or normal sperm morphology. One previous study indicated that sperm motility was the parameter associated with excess weight and obesity.
14 The Jensen et al. group 10 found sperm concentration to be the one sperm parameter associated with BMI. Current findings indicate a negative association between a high BMI and sperm parameters. These are consistent with previous studies performed in Europe and the USA. [23] [24] [25] Most studies on sperm quality have focused on BMI as the main measure of obesity. However, there are other studies that did not indicate any relationship between BMI and any of the semen parameters. [19] [20] [21] This study has a number of strengths and weaknesses. The strengths were that the study population was comprised of men from infertile couples trying to conceive who visited a reproductive medical center between March 2010 and December 2014. Sperm collection and analyses were measured at a single center and laboratory, reducing the potential of inter-laboratory variability. In addition, this study included underweight men, unlike the majority of studies published on this issue. The study populations had a large proportion of overweight (26.0%) and obese men (12.5%). The weaknesses of the study are that it was performed in men of infertile couples at a fertility center; therefore, the results may not reflect semen quality in the general population. This limits its external validity; therefore, its results should be interpreted with caution. The reasons for the association between BMI and sperm quality remain unknown, but there are several potential explanations. First, the increased fat of overweight and obese men produces more estrogen from testosterone, which suppresses the hypothalamic and pituitary hormonal secretion and can affect the testes directly. 23 Some studies have also reported the GnRH-LH/FSH pulses of overweight and obese men are different from those of normal weight men, which may impair the functions of the Sertoli and Leydig cells, and then influence the release of sex hormones and sperm maturation. 24, 25 High BMI was also found to be associated with high levels of serum leptin, which inhibits testosterone synthesis and may cause poor sperm quality. 26 Second, several studies have demonstrated that overweight and obesity causes insulin resistance and dyslipidemia, of which the latter is associated with increased oxidative stress. 27, 28 Oxidative stress is regarded as an independent marker of male factor infertility because it diminishes sperm production and maturation. 29 A study performed in mice showed that obesity could lead to increased oxidative stress and reduction in sperm motility. 30 Third, obesity may increase scrotal temperature because of the large amounts of suprapubic, thigh, and scrotal fat, which can decrease semen quality in adult men.
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CONCLUSION
A high BMI is associated with negative effects on sperm quality. Overweight and obese men are more likely to have abnormally low sperm concentrations, total sperm count, total motile sperm count, relative amount of type A motility, and relative amount of progressive motility (A + B) than men with normal weight. Further research is required to evaluate the relationship between male BMI and sperm quality in larger populations.
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